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Abstract – The objective of this work was to evaluate the reproductive performance of silver catfish (Rhamdia 
quelen) fed diets containing sorghum, as a replacement for corn, supplemented or not with phytase. The 
experiment was carried out with 360 fish, with 16.02±0.58 g mean initial weight, fed diets in which low-tannin 
sorghum replaced corn at 0, 50, and 100%, with or without phytase supplementation (1,500 FTU per kilogram 
of feed). Diets supplemented with phytase or with 100% sorghum led to a reduction of visceral fat deposition 
and hepatic mass in males. In females, similar results were observed for diets containing phytase. Females 
fed sorghum-only diets, supplemented or not with phytase, had bigger oocytes. Males and females at the 
developing and final stages of gonadal maturation were found in all treatments. The replacement of corn by 
sorghum affects neither semen quality nor the fertilization rate of gametes. Therefore, complete replacement 
of corn with low-tannin sorghum in the diet can be performed without compromising the reproductive 
performance or the somatic indexes of silver catfish.
Index terms: Rhamdia quelen, alternative food, breeding nutrition, histology, quality of gametes.
Desempenho reprodutivo de jundiá alimentado com 
dietas com sorgo suplementadas com fitase
Resumo – O objetivo deste trabalho foi avaliar o desempenho reprodutivo de jundiá (Rhamdia quelen) 
alimentado com dietas contendo sorgo em substituição ao milho, suplementadas ou não com fitase. O 
experimento foi realizado com 360 jundiás, com peso médio inicial de 16,02±0,58 g, alimentados com dietas 
compostas por 0, 50 e 100% de sorgo de baixo tanino, em substituição ao milho, com ou sem a suplementação 
de fitase (1.500 UFA por quilograma da dieta). Dietas com suplementação de fitase ou com 100% de sorgo 
reduziram a deposição de gordura visceral e a massa hepática nos machos. Nas fêmeas, o mesmo efeito foi 
observado quanto às dietas com suplementação de fitase. As fêmeas alimentadas com dietas apenas com 
sorgo, suplementadas ou não com fitase, apresentaram ovócitos maiores. Foram encontrados machos e fêmeas 
nas fases finais de desenvolvimento e maturação gonadal, em todos os tratamentos. A substituição do milho 
pelo sorgo não afeta a qualidade seminal nem a taxa de fertilização dos gametas. Portanto, a substituição 
completa do milho pelo sorgo de baixo tanino pode ser efetuada sem afetar os parâmetros reprodutivos e os 
índices somáticos do jundiá.
Termos para indexação: Rhamdia quelen, alimento alternativo, nutrição de reprodutores, histologia, qualidade 
de gametas. 
Introduction
Rhamdia quelen, known as silver catfish, is a 
native Brazilian species that has been standing out 
in continental fish farming for having advantageous 
productive characteristics, such as omnivorous feeding 
habit, easy adaptation to artificial diets, excellent 
quality meat, absence of intramuscular spines, easy 
adaptation to artificial diets, and good acceptance by 
the consumer market (Carneiro et al., 2003; Fracalossi 
et al., 2004).
Furthermore, R. quelen are able to tolerate low 
temperatures than most neotropical species, which 
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either reduce or cease their growth under these 
conditions (Fracalossi et al., 2004). Even though 
R. quelen production is good development, the aspects 
related to this fish reproduction should be studied, 
in order to generate specific knowledge to allow of a 
continuous raising with the use of young animals able 
to be reared in captivity. 
It is known that the initial phases of fish 
development are directly affected by broodstock 
performance, in which nutrition is one of the limiting 
factors in successful production of viable larvae, 
fries, and juveniles. Therefore, the nutritional balance 
of the diets fed to broodstock can improve oocytes 
and spermatozoa quality, and  increase the gamete 
production, gonadal development (Reidel et al., 2010; 
Diemer et al., 2014), and the quality of spawning 
(Mardini et al., 1981; Izquierdo et al., 2001; Coldebella 
et al., 2011; Bittencourt et al., 2012). 
However, studies on broodstock nutrition are 
scarce due to the high cost of big facilities, upkeep 
of adult fish, prolonged feeding, and labor costs 
(Alvarez-Lajonchère, 2006; Navarro et al., 2006). Feed 
represents the highest cost for fish farming (Pezzato 
et al., 2002); therefore, there is a need for the use of 
alternative ingredients which are available in the 
market at competitive prices, such as high- and low-
tannin sorghum, cassava shavings, triticale, and canola 
(Rostagno et al., 2011).
Although corn is still the main energy ingredient 
in commercial feeds, the use of sorghum and other 
grains has been well established in the farming of 
monogastric animals. These grains have been used 
as raw materials at certain times of the year, in order 
to reduce production costs without compromising the 
productive performance of the animals (Carvalho et 
al., 2015). However, the use of sorghum in fish farming 
is not well documented due to the large number of 
existing species and their different feeding habits. 
Nevertheless, this is bound to change, as sorghum 
corresponds to 80% of the commercial value of corn 
(Duarte, 2010) and could reduce the production costs.
Among the commercially available energy 
ingredients, low-tannin sorghum stands out for 
having nutritional characteristics similar to corn, 
with high anti-oxidant effect (Silva et al., 2009), 
market availability, and affordable price, which could 
minimize the production costs affected by the price 
variation of supplies (May et al., 2011).
As with other plant sources, P is present in sorghum 
mainly in its phytate form, thus, only 34.6% of the 
0.26% total P is available (Valle, 2010). This is due 
to the phytic acid molecule that makes P unavailable. 
Phytic acid forms complexes with essential minerals 
such as Ca, Fe, Zn, Cu, Na, and Mg; and interferes 
with the absorption of amino acids (turning complex 
amino acids insoluble), of energy (Maenz, 2001), and 
of starch (Angel et al., 2002). 
Therefore, this effect can be reduced by adding the 
phytase enzyme to the diet. This enzyme acts on the 
hydrolysis process and on the rupture of feed cellular 
walls, mainly in the stomach and in the inicial portion 
of the small intestine, where it breaks up the phytic 
acid and releases minerals and other nutrients (Ferlin, 
2006). Furthermore, it reduces the digesta viscosity in 
the gastrointestinal tract, increasing total digestibility 
of the diet and improving nutrient metabolism (Farrel 
et al., 1993).
The objective of this work was to analyze the 
reproductive performance of R. quelen fed diets 
containing sorghum, as a replacement for corn, and 
supplemented or not with phytase.
Materials and Methods
The experiment took place at Instituto de Pesquisa 
em Aquicultura Ambiental of Universidade Estadual 
do Oeste do Paraná (Unioeste), in Toledo, PR, Brazil. 
The adopted procedures in this study were approved 
by the ethics committee on animal research (CEUA/
Protocolo n.º 63/14). A total of 360 R. quelen juveniles, 
aged approximately seven months (first sexual 
maturation), were acclimatized in 24 net cages of 1 m3 
usable volume at a density of 15 fish per cage. Fish were 
randomly distributed into a 2x3 factorial arrangement, 
with six treatments and four replicates. Corn (Zea 
mays L.) was replaced by low-tannin sorghum 
[Sorghum bicolor (L.) Moench] at three different 
combinations (0, 50, and 100%), supplemented or not 
with phytase enzyme (0 or 1,500 FTU kg feed). Fish 
were fed four times a day, for 180 days, with isoproteic 
(34% crude protein), isoenergetic (3,565 digestible 
energy), isofibrous, isocalcitic, isophosphoric and 
isoaminoacidic diets (Table 1). The ingredients used 
were ground using a feed hammer mill, weighed, 
homogenized in a Y-type mixer and, subsequently, 
extruded using a feed extruder (Exteec, Ribeirão 
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Preto, SP, Brazil). Pellets were dried in a forced-air 
circulation furnace at 55°C.
After the experimental period, seven males 
(23.65±2.83 cm, and 136.49±54.94 g) and four 
females (23.34±2.40 cm, and 134.43±42.35 g) of each 
treatment were selected for reproduction, based on 
the visualization of external sexual characteristics: 
reddened urogenital papillae and distended abdomen 
in females (Reidel et al., 2010), and semen release after 
gentle abdominal pressure in males (Diemer et al., 
2014). Once selected, the broodstock was transported 
to the aquaculture laboratory of Unioeste and subjected 
to induced reproduction with crude carp hypophysis 
extract. The females received two doses of hormone 
(0.5 and 5.0 mg kg-1 fish), at 12-hour intervals. The 
males received a single dose (2.5 mg kg-1 fish) at the 
same time as females received the second dose. After 
240 degree-hours, fish were dried with paper towels 
and subjected to an abdomen massage in the cephalo-
caudal direction, for the collection of gametes. 
Semen was collected into graduated Falcon tubes 
for volume quantification, and kept in Styrofoam box 
with ice at ±12°C (adapted from Sanches et al., 2013) 
until needed for oocyte fertilization.
Sperm concentration was evaluated by diluting 
5.0 µL semen in 5,000 µL buffered formal saline, 
resulting in 1:1000 concentration (Bombardelli et al., 
2006). Counting was carried out using a Neubauer 
haematimetric chamber (Wirtz & Steinmann, 2006), 
Table 1. Percentage and nutritional composition of corn or sorghum diets supplemented or not with phytase enzyme, and 
corn-only and sorghum-only diets, fed to Rhamdia quelen broodstock kept in net cages.
 Ingredient (%)  Phytase, 0 FTU Phytase, 1,500 FTU(1)
       Corn Corn or sorghum Sorghum Corn Corn and sorghum Sorghum
Soybean meal at 42%  49.57 49.22 48.88 49.57 49.22 48.88
Low-tannin sorghum 0.00 17.04 34.07 0.00 17.04 34.07
Corn 30.62 15.31 0.00 30.62 15.31 0.00
Fish meal at 55% 15.00 15.00 15.00 15.00 15.00 15.00
Premix(2) 1.00 1.00 1.00 1.00 1.00 1.00
L-threonine 0.37 0.38 0.38 0.37 0.38 0.38
DL-methionine 0.34 0.34 0.35 0.34 0.34 0.35
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin C 0.10 0.10 0.10 0.10 0.10 0.10
Antifungal(3) 0.10 0.10 0.10 0.10 0.10 0.10
Antioxidant(4) 0.02 0.02 0.02 0.02 0.02 0.02
Soybean oil 2.78 1.40 0.00 2.78 1.40 0.00
Phytase  0.00 0.00 0.00 0.30 0.30 0.30
Nutrient (%)(5)       
Starch 25.33 26.46 27.60 25.33 26.46 27.60
Calcium 0.83 0.83 0.83 0.83 0.83 0.83
Digestible energy (kcal kg-1)(6) 3,565.00 3,565.35 3,565.70 3,565.00 3,565.35 3,565.70
Available P 0.48 0.48 0.49 0.48 0.48 0.49
Fat 7.99 6.57 5.15 7.99 6.57 5.15
Total lysine 2.10 2.09 2.08 2.10 2.09 2.08
Methionine + Cystine 1.46 1.46 1.46 1.46 1.46 1.46
Digestible protein5 28.29 28.39 28.48 28.29 28.39 28.48
Crude protein 34.00 34.00 34.00 34.00 34.00 34.00
Threonine 1.73 1.73 1.73 1.73 1.73 1.73
Tryptophan 0.42 0.42 0.42 0.42 0.42 0.42
(1)Phytase level (FTU kg-1) estimated for Rhamdia quelen according to Rocha et al. (2007). (2)Premix composition, and guarantee levels per kilogram of 
product: vitamin A, 1,750,000 UI; vitamin D3, 375,000 UI; vitamin E, 20,000 UI; vitamin K3, 500 mg; vitamin B1, 2.000 mg; vitamin B2, 2,500 mg; 
vitamin B6, 2,500 mg; vitamin B12, 5,000 mg; folic acid, 625 mg; calcium pantothenate, 7,500 mg; vitamin C, 37,500 mg; biotin, 50 mg ; inositol, 
12,500 mg; niacin, 8,750 mg; Co, 50 mg; Cu, 1,250 mg; Fe, 15,000 mg; I, 100 mg; Mn, 3,750 mg; Se, 75 mg; and Zn, 17,500 mg. (3)Calcium propionate. 
(4)BHT, butylated hydroxytoluene. (5)Calculated values. (6)Values of digestible energy and crude protein (%) estimated for Rhamdia quelen proposed by 
Reidel et al. (2010) and Freitas et al. (2011).
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according to the recommendations by Colégio 
Brasileiro de Reprodução Animal (Manual…, 2013).
Sperm survival rate was determined using eosin-
nigrosin staining (Murgas et al., 2003), for which 90 µL 
of dye (3% eosin, and 5% nigrosin) was added to 30 µL 
of semen  and subsequently smeared on glass slides. 
The slides were analyzed under light microscopy using 
a 40X objective. Stained cells through dye absorption 
were considered dead. Seminal pH was measured 
using a litmus paper.
For the analysis of sperm abnormality, 500 μL 
semen were fixed in buffered formal saline (5:5,000 
semen:fixative) and stained with Rose bengal (Tessaro 
et al., 2012). Two 10 µL drops of this solution were 
added to one end of the glass slide that was kept at an 
angle so the drops would slide to the other edge. Then, 
the slides were air-dried and analysed under light-
microscopy using a 40X objective (Caneppele et al., 
2015). From each fish, 300 spermatozoa were counted 
and classified as normal, or abnormal, in accordance to 
the guidelines by CBRA (Manual…1998).
Oocyte samples of each female were stripped in Petri 
dishes and weighed in an analytical scale. The samples 
were preserved in Alfac fixative solution for 24 hours, 
embedded in glycol methacrylate, and processed to 
monitor morphostructural alterations under light 
microscopy (Leonardo et al., 2004; Romagosa, 2010; 
Bittencourt et al., 2012) at the Histology Laboratory 
(Unioeste). Analysis and photodocumentation were 
performed using a Nikon Eclipse-50 photomicroscope 
(Nikon Instruments Inc., Melville, NY, USA).
 The number of spawning females was calculated 
from the oocyte samples (percentage of females that 
released oocytes).
The oocytes and semen from each female were 
homogenized separately. Soon after fertilization and 
hydration (5–7 min), the eggs of each female were 
transferred into 20 L conic fiberglass incubators. 
Eight hours after insemination, cleavage progress was 
observed under light-microscopy. The fertilization 
rate FR (%) = 100 (number of eggs at cleavage - 
blastopore closure)/total number of oocytes (N), for 
each experimental unit (Romagosa et al., 1990), was 
estimated using three 250 mL beakers, with 100 eggs 
from each female. Fertilized oocytes were considered 
to be those with translucent aspect (Okawara et al., 
2015). The hatching rate was calculated as follows: HR 
(%) = 100 (number of hatched larvae)/total number of 
larvae (N) (Romagosa et al., 1990).
For the determination of oocyte diameter, an aliquot 
of extruded oocytes was fixed in Gilson solution 
and subsequently analysed under magnifying glass. 
Oocytes were measured using the software BEL View, 
version 7.0 (BEL Engineering s.r.l., Monza, Italy). 
Oocyte diameter was obtained from the arithmetic 
means of the horizontal and vertical axis of the oocytes. 
After gamete extrusion, fish were euthanized using 
benzocaine solution (250 mg L-1), according to the 
resolution n°876 of Conselho Federal de Medicina 
Veterinária, Brazil. Subsequently, gonads (testicles 
and ovaries), liver, and visceral fat were removed 
and weighed on an analytical scale, to determine the 
gonadosomatic index (GSI = weight of gonads / fish 
total weight x 100), hepatosomatic index (HSI = weight 
of liver / fish total weight x 100), and viscerosomatic fat 
index (VSFI = weight of fat / fish total weight x 100).
Gonad samples (ovary and testicles) of six fish of 
each treatment were fixed in ALFAC solution, and 
processed using routine protocols for light-microscopy 
(Bittencourt et al., 2012). Tissue samples were 
dehydrated in a series of graded alcohol, clarified in 
xylene and embedded in paraffin. Subsequently, the 
samples were serially cut (5 µm) using a microtome 
(Micron 340E, Thermo Scientific), mounted onto 
slides, and stained with haematoxylin-eosin. The slides 
were analysed under light-microscopy and classified 
by stage of gonadal maturation, according to Vazzoler 
(1996).
The obtained data for semen quality, fertility, 
somatic indexes, and oocyte diameter were subjected 
to the analysis of variance and, when significant, 
the means were subjected to the Tukey’s test, at 5% 
probability. The analysis was performed using the 
software Statistica (Statistica, Tulsa, OK, USA).
Results and Discussion
There was a significant (p<0.05) interaction 
between the factors for the GVSI (%) in males. 
Males fed corn or sorghum diets supplemented with 
phytase, or sorghum-only diets, showed lower visceral 
fat deposition (Figure 1 A). However, no significant 
(p>0.05) interaction between the factors was observed 
in females, although coelomic fat was significantly 
(p<0.05) reduced in females fed diets containing both 
ingredients and supplemented with phytase (Figure 1 B).
Under adequate nutritional conditions, the relative 
size of tissues and organs is solely dependent on fish 
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size and its life cycle. The fish internal organs tend to 
increase in weight proportionally to carcass growth 
(Shearer, 1994), while their morphological changes 
are related to responses to the diet, which makes 
their activities and/or lipid deposition more evident 
(Bombardelli et al., 2010).
The use of phytase in the diets can cause the 
resuming of the premise that animal growth is directly 
affected by the proportion of available P in the 
organism; however, this enzyme promotes hydrolysis 
of the cellular wall of the feed, degrading phytic acid 
and releasing other nutrients besides P that directly 
affect tissue deposition (Ferlin, 2006). Therefore, 
phytase supplementation is believed to have improved 
the availability of nutrients mobilized by protein 
synthesis, which reduced the accumulation of visceral 
fat in fish fed corn or sorghum diets containing phytase. 
The same effect was observed in fish fed sorghum-
only diets, as sorghum normally contains greater 
concentration of P (0.44 g kg-1) than corn (0.29 g kg-1) 
(Guimarães et al., 2005; Dicko et al., 2006).
The HSIs (%) of R. quelen broodstock show a 
significant (p<0.05) interaction between feed and 
phytase supplementation (Figure 2). Males fed a 
sorghum-only diet showed lower-liver weight in 
the presence of phytase (Figure 2 A). However, the 
females showed reduced hepatic tissue in the presence 
of phytase, when fed diets containing corn or sorghum 
(Figure 2 B).
Figure 1. Viscerosomatic fat index (%) of Rhamdia quelen 
broodstock (A, males; and B, females) kept in net cages and 
fed phytase-supplemented diets containing corn (Zea mays) 
or sorghum (Sorghum bicolor) at different concentrations. 
Mean followed by equal uppercase letters indicate 
significant effect of phytase supplementation for each 
diet, and means with lowercase letters indicate significant 
difference between the ingredients, within the levels of 
supplementation, by Tukey’s test at 5% probability.
Figure 2. Hepatosomatic indexes (%) of Rhamdia quelen 
broodstock kept in net pens and fed phytase-supplemented 
diets containing corn (Zea mays) or sorghum (Sorghum 
bicolor) at different concentrations. Means with equal 
uppercase letters indicate significant effect of phytase 
supplementation for each diet, and with lowercase letters 
indicate significant difference between the ingredients, 
within the levels of supplementation, by Tukey’s test, at 5% 
probability. 
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Phosphorus availability can affect the size of 
internal organs and, consequently, fish growth. The 
nutrients are metabolized in the liver and, thus, are 
able to alter the HIS, and the excess is converted into 
visceral fat (Huntingford et al., 2001; Du et al., 2006). 
During nutrient mobilization in the vitellogenic phase, 
there is a high-energy demand (lipids carbohydrates, 
and protein), which results in an intense synthesis 
mechanism by the liver (Babin et al., 2007). However, 
mobilization of energy reserves for vitellogenesis 
and reproduction (Querol et al., 2002) can lead to a 
reduction of the hepatic mass and visceral fat indexes 
during the gonadal enlargement.
According to Du et al. (2006), the HSI and VSFI 
depend on the quantity, balance, and quality of 
nutrients made available by the diet, as fish convert 
the excess energy of the diet into visceral fat. The 
results obtained in the present study for fish fed corn 
or sorghum diets suggest that the presence of phytase 
in the diets reduced the visceral fat deposition and the 
hepatic tissue weight (Figure 2). 
The GSI of the males was significantly (p<0.05) 
affected by phytase supplementation when they fed 
corn-only or sorghum-only diets. The presence of 
phytase increased the proportion of testicles in males 
fed a corn-only diet, with GSI representing 5.4% of 
body weight. However, males fed a sorghum-only 
diet supplemented with phytase showed lower GSI, 
with testicles corresponding to only 2.1% of body 
weight (Figure 3 A). The GSI of the females was not 
significantly affected by the evaluated diets (Figure 3 
B).
Gonad maturation occurs simultaneously with 
vitellogenesis and, during this phase, gonadal mass 
increases due to vitellogenin and oocyte maturation 
(Hennies et al., 2003). According to Barbieri et al. 
(2000), the decrease in HSI due to female gonad 
maturation, followed by an increase in GSI, results from 
an increased hepatic activity due to greater demand 
for yolk by the developing oocytes. The presence of 
phytase in corn-only diets may have increased nutrient 
availability for the fish, affecting the results.
Ovarian histology enabled the observation of the 
different stages of gonadal maturation (Vazzoler, 
1996), and it showed mature oocytes or oocytes at the 
final stages of maturation, indicating that the females 
were reproductively mature. Females fed sorghum-
only diets, supplemented or not with phytase, had 
significantly (Figure 4) (p<0.05) larger oocytes than 
females from other treatment groups, but showed 
similar results to females fed a corn or sorghum diet 
(15.31:17.04) supplemented with phytase. 
This could be due to the higher crude protein levels, 
greater quantity of starch, and greater fraction of 
amylose in sorghum, in comparison to corn, which 
results in greater nutrient availability (Rostagno, 2011), 
and could have led to a greater vitellogenin production 
(Parra et al., 2010). Furthermore, according to Adamiak 
et al. (2006), the increase  of starch concentration in 
the diet is directly related to oocyte quality. 
Sorghum contains higher quantity of starch (63.24%) 
than corn (62.66%) (Rostagno, 2011) and, consequently, 
greater distribution of protein around the endosperm 
Figure 3. Gonadosomatic indexes (%) of Rhamdia 
quelen broodstock kept in net cages and fed phytase-
supplemented diets containing corn (Zea mays) or sorghum 
(Sorghum bicolor). Means with equal uppercase letters 
indicate significant effect of phytase supplementation for 
each diet, and with lowercase letters indicate significant 
difference between the ingredients, within the levels of 
supplementation, by Tukey’s test, at 5% probability.
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starch, which can reduce its digestibility and that of the 
feed as a whole (Zardo & Lima, 1999), affecting the 
physiological characteristics of the animals. 
During the reproductive process, gonad maturation 
occurs simultaneously to vitellogenesis; when there is 
an increase of GSI due to vitellogenin incorporation 
and oocyte maturation (Hennies et al., 2003). 
However, oocyte size was not affected in fish fed 
phytase and sorghum diets. Additionally, females with 
larger oocytes showed increased HSI, which suggests 
a greater vitellogenin production, in agreement 
with Moura-Costa et al. (2010), who reported that 
an increase of vitellogenin production and energy 
reserves increases liver size.
Oocyte fertilization was not significantly affected 
(p>0.05) by phytase supplementation, and no 
differences were observed for this parameter between 
the levels of corn replacementby low-tannin sorghum 
in the diet (Table 2).
Histological analysis of the testicles showed 
characteristics of final development and maturation 
(Vazzoler, 1996). Testicular lobules were increased 
and irregular, with few spermatids in the periphery. 
The sperm duct was full of spermatozoa.
The different proportions of sorghum in the diet, 
when associated with phytase supplementation, did 
not significantly affect the seminal volume, sperm 
concentration (SPZ×109 mL-1), sperm abnormality, or 
sperm survival in R. quelen males (Table 3). There 
were no significant (p>0.05) differences in fertilization 
rates.
Semen parameters can be affected by several factors, 
such as hormonal induction, nutrition (Zhang et al., 
2013), and the reproductive period (Damasceno et al., 
2015). Semen is fundamental in reproduction, and its 
Figure 4. Oocyte diameters (mm) of Rhamdia quelen 
females kept in net cages and fed phytase-supplemented 
diets containing corn (Zea mays) or sorghum (Sorghum 
bicolor) at different concentrations. Means followed by 
equal lowercase letters for the different diets, on the same 
column,  do no differ by the Tukey’s test, at 5% probability.
Table 2. Fertilization rates (%) of Rhamdia quelen females kept in net cages and fed phytase-supplemented diets containing 
corn (Zea mays) or sorghum (Sorghum bicolor) at different concentrations(1). 
Parameter Phytase, 0 FTU Phytase, 1,500 FTU
Corn Corn or Sorghum Sorghum Corn Corn or sorghum Sorghum
Spawned females (%) 66.66 80.00 80.00 66.66 75.00 100.00
Fertilization rate (%) 91.80±6.97 86.71±4.89 90.98±1.89 86.40±3.40 94.89±0.35 95.75±2.67
Table 3. Semen parameters of Rhamdia quelen broodstock kept in net cages and fed phytase-supplemented diets containing 
corn (Zea mays) or sorghum (Sorghum bicolor) at different concentrations.
Parameterles Phytase, 0 FTU Phytase, 1,500 FTU
Corn Corn or sorghum Sorghum Corn Corn or sorghum Sorghum
pH 8.00±0.00 8.00±0.00 8.00±0.00 8.00±0.00 8.00±0.00 8.00±0.00
Sperm concentration (SPZ×109 mL-1) 5.22±0.82 4.39±1.02 4.60±0.59 4.70±1.76 4.13±0.96 4.19±0.36
Volume (mL) 4.25±0.65 4.63±1.11 3.50±0.82 5.00±0.41 3.37±0.95 5.63±2.49
Sperm normality (%) 93.75±3.20 95.75±0.75 95.92±1.53 95.17±1.70 93.83±0.63 97.17±0.95
Sperm survival (%) 89.67±0.58 89.72±0.48 89.37±0.61 89.06±0.91 90.0±0.00 90.0±0.00
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high quality, associated with excellent oocytes, often 
results in high-fertilization rates and good survival 
rates of offspring. 
Conclusion
Complete (100%) corn (Zea mays) replacement 
by low-tannin sorghum (Sorghum bicolor) can be 
performed without compromising the somatic indexes 
or the reproductive parameters of Rhamdia quelen 
males and females.
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